This study intended to evaluate the effects of different light colors and stocking densities on productive and physiological performance of broiler chickens. A total number of 648 seven-day-old mixed sex broiler chicks (Ross-308), were randomly distributed and housed into 6 treatments in three replicates for each density 10, 12 and 14 birds/m 2 . Treatments were exposed to incandescent light (ICL, 60 Watt) as a control, while the others were distributed according to LED colors into Red light (RL), Blue light (BL), Green light (GL), White light (WL), and Mixed light (ML) produced by a light-emitting diode (LED) with light intensity 5 watt /m 2 at 5.73 lux. Interestingly, results indicate that birds reared under LED-BL and stocked at 10 bird /m 2 exhibited significantly (p ≤0.05) higher productive performance than groups exposed to other light colors and densities. However, the highest livability and European production efficiency factor (EPEF) observed for birds exposed to LED-BL and reared under 10 birds / m 2 compared with other groups. Also, birds exposed to LED-BL and kept under 10 birds / m 2 exhibited less fear and stress response as judged by low corticosterone hormone level and increases of melatonin concentration. In addition, lymphoid organ weights and immunity titer response significantly (p ≤ 0.05) improved, when bird's exposed to LED-BL and kept under 10 birds/ m 2 compared with other experimental groups. In conclusion, this study revealed that applying LED-BL with 10 birds /m 2 in broiler house is preferable to other colors and densities because it keeps the birds calmer and showed a significant positive effects on productive and physiological performance compared with other light colors and densities.
INTRODUCTION
In recent years, poultry industry has seen an unparalleled growth during last three decades and is now recognized as one of the fastest growing component of agriculture sector (Yadav et al., 2016) . Therefore, industrial broiler production requires the control of all environmental conditions because any variation in these conditions can lead to a reduction in yields 7 However, the poultry industry is currently undergoing a switch from traditional lighting sources like incandescent and fluorescent to light emitting diode (LED) (Archer, 2018) . Interestingly, artificial lighting is widely used in broiler production, where light is required for the release of hormones responsible for best growth, and influences animal's life cycles and controls their behavior to a great extent (Kristensen et al., 2007) . Therefore, light is one of the major microclimate exogenous factor for poultry production that influences growth development, physiological functioning, welfare and behavioral processes (Olanrewaju et al., 2016) . Moreover, vision is the most important sense for birds, where chickens can see ultraviolet and infrared as well (Rierson, 2011) . Furthermore, monochromatic LEDs have small size, adjustable light intensity, specific wavelength, low thermal output and high photoelectric conversion efficiency, these benefits make LEDs very preferable light source in modern poultry management (Yang et al., 2016) . However, light color has been considered a powerful management tool that can be used for mitigating several stressors in broilers by modulating many physiological, immunological and behavioral pathways (Xie et al., 2011) , among spectra of light, it has been suggested that green and blue lights enhance the immune response better than others. On the other hand, one of the characteristics of large commercial broiler operations is the stocking density of birds per 1 m 2 area and the choice of appropriate genetic material to ensure rapid attainment of required weight gains and the best feed conversion possible (Skomorucha et al., 2004) . However, stocking density is a key point in broiler welfare and cost of production (Toghyani et al., 2016) . Stocking density is defined as body mass (kg) or number of birds per unit of housing space (m 2 ). In this connection, Petek et al. (2010) found that at density above 19 birds/m 2 chickens grew more slowly and had a lower FCR than at lower density 15 birds/m 2 . Therefore, the objective of this study was to investigate the effects of light colors and stocking densities and their interaction on productive and physiological response of broiler chicken.
MATERIALS AND METHODS Place and objective study: This study was carried out at the Poultry Experimental Station, Faculty of Agriculture, Al-Azhar University, Naser City, Cairo, Egypt, during the summer season from August to September 2017. The main objective of this study was to examine the effects of light colors and stocking densities and their interaction on productive and physiological response of broiler chickens. Birds, husbandry and experimental procedure: This study was performed with a total of 648, Ross 308 chicks, which purchased from El-Dakahlia Poultry Company. At 7 days of age all chicks were weighed and randomly allocated to a completely randomized factorial design (6 x 3), with light colors and stocking densities as main effects. Identical care and management were provided to all birds throughout the duration of the study. Birds were housed in 6 separated pens measured 3x4 m 2 , which equipped with feeders and drinkers to ensure ad libitum access to feed and water throughout the study.
Each pen contained 108 birds with 3 replicate with 3 stocking densities in each replicate at 10, 12 and 14 birds/m 2 , include: incandescent light (ICL, 60 Watt) as a control, while the other light groups were White light (WL), Red light (RL), Blue light (BL), Green light (GL), and Mixed light (ML), produced by a light-emitting diode (LEDs with light intensity 3 watt /m 2 at 5.73 lux at bird head level with a light period of 23:1 h daily. Birds were remained in their allocated light treatments from 7 to 35 days of age. The basal diet (Table1) was formulated according to NRC (1994) to meet all nutrient recommendations published in the Ross-308 rearing guideline (Aviagen, 2007) . Pen temperature was maintained at 32± 1 o C during the first week and decreased by about 3 o C each week until depends on the environmental temperature, while the relative humidity was about 65% as average. The LEDs lamps (Goodi-Tech, Iksan, South Korea) were placed at 2.2 m at head height of the birds using plastic crosses attached to the ceiling and centered in the pens. Light intensity was measured along a horizontal plane at 25 cm above the litter with the photoreceptor sensor of a light meter (digital LUX HI Tester model YF-1065A) pointed toward the light sources. The light bulbs were wiped weekly in order to minimize dust built-up, which would have reduced the intensity and spectra. Newcastle disease vaccine (Pfizer Company, Egypt) was administrated at 7, 14 and 21 days of age via water administration. However, Gumboro vaccine was also administrated in the drinking water at 8 and 18 days of age. Growth performance: The body weight of birds was recorded individually at start of experiment and at the end of every week. For this purpose, all the birds from each replicate were weighed by using an electrical weighting balance. From the individual weights, the mean weight of all the groups was calculated separately. Birds were offered feed daily ad libitum and feed consumption was calculated at the end of each week. Record of weekly feed consumption and weight gain was used to compute FCR of each experimental group (FCR = feed consumption / weight gain). However, livability was recorded along the experimental period. Also, European production efficiency factor (EPEF) calculated as described by (Marcu et al., 2013) . Blood components: At 35 d of age approximately 4.0 mL of blood was collected from alive 3 females and 3 males after 12 hours of fasting from the jugular vein using 5 ml disposable sterile syringe for each treatment alone. Each blood sample from each individual was divided into-two samples in Eppendorf tubes. One was heparinized using Ethylenediamine-tetraacetic acid (EDTA) as an anticoagulant to study blood hematological parameters including RBCs and WBCs, which done by hemocytometer (Natt and Herrick, 1952) . However, heterophil, lymphocyte and heterophil to lymphocyte (H/L) ratio were determined (Gross and Siegel, 1983) . Also, packed cell volume (Schalm et al., 1975) and hemoglobin (Young, 2001) were also determined. The other was non-heparinized to determine biochemical parameters including liver enzyme ALT and AST (Retiman and Frankel, 1957) and hormones assays including T3 and T4 (Ellis and Ekins, 1975) , corticosterone (De Jong et al., 2001 ) by using specific kits, which were used for each test. However, melatonin concentration was analyzed with RIA procedure using commercially available melatonin kits (Labor Diagnostika Nord GmbH and Co. Statistical analysis: A 6 x 3 factorial arranged in a randomized complete design was used in this study. The main effects were light colors and stocking densities and the interaction of these 2 factors were performed by using General Linear Models (GLM) procedure of SPSS software program package (SPSS, 2010) . All percentages were first transformed to arcsine being analyzed to approximate normal distribution before ANOVA. Differences were considered statistically significant at (P≤0.05). Data for antibody titers response were normalized using logarithmic transformation prior to analysis. The following model was used for data analysis: Yijk = µ +αi + ßj + (αi x ßj) ij + eijk Where, Yijk : Observation on the ij individual, µ = overall mean., αi = effect of colors, ßj = effect of densities, (αi x ßj) = interaction between colors and densities and eijk= random error.
RESULTS

1-Growth performance:
1-1-Live body weight (LBW) and body weight gain (BWG) 
2-2-Biochemical traits 2-2-1-Liver enzymes
The values of both ALT and AST measured at the end of experiment indicated that birds that exposed to LED-BL recoded significantly (p ≤0.05) low values, followed by those exposed to LED-RL, LED-WL, LED-GL, LED-ML and ICL respectively. However, birds stocked at 10 birds /m 2 exhibited the lowest values of both enzymes compared with other birds that stocked at 12 and 14 birds /m 2 . However, the interaction effects indicated that birds that exposed to LED-BL and LED-GL and that stocked at 10 birds/m 2 recorded the lowest values compared with other interaction groups.
2-2-2-Hormone assays
Data of hormone assays revealed that bird's that exposed to LED-BL, exhibited the lowest values of T3 and T4 followed by groups exposed to LED-GL, LED-RL, LED-ML, LED-WL and ICL respectively. However, birds that stocked at 10 birds /m 2 recorded significantly (p ≤0.05) lower values of both hormone than birds stocked at 12 and 14 birds /m 2 . Concerning the effect of light colors on melatonin and corticosterone concentrations data indicated that the highest level of melatonin and the lowest value of corticosterone concentrations were recorded for birds exposed to LED-BL compared with other light color groups. On the other hand, results indicated that birds that stocked at 10 birds /m 2 recorded the highest values of melatonin and lowest corticosterone concentrations compared with birds stocked at 12 and 14 birds /m 2 . However, the data of interaction effects indicated that birds exposed to LED-BL and stocked at 10 birds/ m 2 showed lower values of both T3 and T4 than other interaction groups. Moreover, the values of melatonin concentration indicated that also birds exposed to LED-BL and stocked at 10 birds/ m 2 showed significantly higher (p ≤0.05) values than those recorded for other interaction groups. While, the values of corticosterone level showed the converse trend, where birds exposed to LED-BL and stocked at 10 birds/ m 2 have lower values than those recorded for other interaction groups.
3-Lympohid organ weights and titer response
The influence of light colors and densities on lymphoid organ weights and titer response at the end of experimental period are presented in Table 7 . As shown in this Table birds that exposed to LED-BL have higher (p≤0.05) lymphoid organ weights than birds kept under other color groups. However, birds that stocked at 10 birds/m 2 significantly (p≤0.05) recorded higher lymphoid organ weights than birds stocked at 12 and 14 birds /m 2 . Concerning the effect of colors on immune response data indicated that, when birds exposed to LED-BL showed higher values than birds exposed to other light color groups. Moreover, the highest immunity titer response detected for birds stocked at 10 birds/m 2 , followed by those stocked at 12 and 14 birds /m 2 respectively. The same trend was also observed for interaction effects, where bird's exposed to LED-BL and reared under 10 birds /m 2 exhibited the highest lymphoid organ weights and titer response compared with other interaction groups.
DISCUSSION
1-Growth performance 1-1-Live body weight (LBW) and body weight gain (BWG)
It is well known that growth in broiler chickens is affected by light colors and stocking densities. Interestingly, LBW is one of the most important performance parameter, so determination of the effects of light color on LBW is of particular importance that's why many studies have been conducted on this important aspect (Yahav et al., 2000) , where broilers are known for their ability to gain extreme amounts of weight in short periods of time (Rierson, 2011) . There are conflicting reports on the effects of light color and density on the performance of broiler chickens. However, color is an important aspect that has been considered at one time as a management tool in poultry production (Prayitno et al., 1997) . In this study birds which were exposed to LED-BL and conserved under 10 bird/ m 2 had the highest LBW and BWG at the end of experiment. This attributed to birds raised under ICL, LED-WL, LED-RL, LED-GL and LED-ML were more active than birds exposed to LED-BL as judged by greater walking activity which affects behavior of birds, being less active in blue light (Prayitno et al., 1997) , therefore more activity resulted in a decrease of performance. In other words birds reared under LED-BL appears to have necessitated greater sleep, where spent relatively more time sitting or dozing. In other explanation, blue light may play a role in alleviating the stress response in broilers (Xie et al., 2008) . In this context, Rozenboim et al. (2004) indicated that broiler under blue or green lights become significantly heavier than those reared under red or white lights. This finding is confirmed with Senaratna et al. (2016) indicated that blue or green light is preferable to red or white light for broiler because it keeps the birds Broiler chickens -light color -stocking density.
calmer and is chosen by the birds themselves. Also, Mohamed et al. (2017) demonstrated that broiler reared under blue and green light had higher body weight and weight gain compared with white light. In addition, Balabel et al. (2017) showed that it is strongly recommended to use an alternative cycling between green and blue light colors in broiler farms to get high growth performance. Obviously, the present study indicated that increased of density resulted in a significant decreases of both LBW and BWG, this could be attributed to increase stress resulted from competition for feed and water (El-Deek and Al-Harthi, 2004 ). In addition, high stocking density also causes poor air quality due to inadequate air exchange, increased ammonia and reduced access to feed and water, which results in reduced growth rate (Puron et al., 1995) . This finding is agreed with Guardia et al. (2011) found that increased stocking density are frequently reported to depress chicken growth performance, but the mechanisms behind this are not fully understood. Similarly, Moreira et al. (2004) showed that broiler at a stocking density of 10 birds/m 2 showed a higher weight gain compared with birds reared at 13 or 16 birds/m 2 .
1-2-Feed intake (FI) and feed conversion ratio (FCR)
It's well known that voluntary feed intake is linked to growth rate (Scott, 2005) . The results indicate that exposure birds to LED-BL and kept under 10 birds/m 2 are likely to stimulate the appetite and feeding behavior, where the highest FI and best FCR were occurred, proved that broiler raised under LED-BL and kept under 10 birds/m 2 are less active, therefore they used their feed more efficiently than those exposed to other color and density groups. This significant difference (p≤0.05) may be due to a calming effect of LED-BL and the positive effect of low density on feed intake and feed utilization (Senaratna et al. 2016; Balabel et al., 2017) , which finally improves LBW and BWG. This finding are agreed with Karakaya et al. (2009) found that broiler reared under green, blue and green-blue mix light showed significant higher feed consumption as compared to control. Also, Jingsong et al. (2012) indicated that the highest value of FCR was observed for birds exposed to blue light compared with other light. However, Mohamed et al. (2017) demonstrated that broiler reared under blue and green light had higher feed intake and lower feed conversion compared with birds reared under white light. Similarly, Son and Ravindran (2009) reported significantly higher FCR was observed for broiler that were exposed to blue light as compared with birds exposed to white and red light. Regarding with the effect of density the results referred to reduce of FI and worst of FCR under high density of birds, this may be due to increasing competition for feed as a result of increasing stocking density. In other words, high stocking density also causes poor air quality due to inadequate air exchange, increased ammonia and reduced access to feed and water, which results in reduced feed efficiency (Puron et al., 1995) . Similarly, Thomas et al. (2004) reported that broiler stocked at 5 birds/m 2 consumed more feed than broiler stocked at 10, 15 or 20 birds/m 2 .
1-3-Livability and European production efficiency factor (EPEF)
The current results indicated that the highest livability observed for birds exposed to LED-BL and stocked at 10 birds/m 2 compared with other color and density groups. Accordingly, when birds exposed to LED-BL and stocked under 10 birds/m 2 recorded the highest EPEF than other groups. This effect may attributed to LED-BL may play a role in alleviating the stress response in broiler (Xie et al., 2008) . However, Lewis and Morris (2000) indicated that blue and green light colors aided in the control of aggressiveness and excessive activity in broilers, therefore mortality rate was low for broilers kept in blue light (Celen and Testik, 1994) . Also, high stocking density causes poor air quality due to inadequate air exchange, increased ammonia and reduced access to feed and water, which results in reduced livability (Puron et al., 1995) . In this context, Bilgili and Hess (1995) reported that mortality was significantly improved when birds were given more space7 2-Blood components: 2-1-Hematological parameters Interestingly, blood parameters were affected by different environmental conditions (Onbaşilar et al., 2007) , among all the environmental conditions, light color which are becoming well known to affect the physiology of broiler chickens (Seo et al., 2016) . Therefore, the importance of hematological and biochemical parameters as diagnostic tools indicators in birds has been documented (Hauptmanova et al., 2006) . The results as shown in Table 6 revealed that there is an insignificant effect due to exposed birds to different light colors or densities on all hematological parameters, except with hetrophils percentage or H/L ratio, measured at 35 days of age. Results indicated hetrophil percentage and H/L ratio were significantly (p≤0.05) decreased for birds exposed to LED-WL, LED-BL, LED-RL, LED-GL and LED-ML compared with birds exposed to ICL and stocked at low density, this attributed to decreased stressful conditions and activity in broiler (Lewis and Morris, 2000) . This finding are confirmed by Mumma et al. (2006) reported that H/L ratio increased under the stressful conditions. In our study, the H/L ratio was significantly increased due to the increase of density, this suggested that density seems to be more effective at the onset of physiological stress in broiler. In this context, found a trend for increasing H: L ratio with increasing density in broiler chickens. 2-2-Biochemiacl parameters: 2-2-1-Liver enzymes (ALT and AST). It is well known that the liver is rich in some enzymes as ALT and AST and its damage often results in releasing these enzymes to the blood, where liver plays an important role in metabolic body processes and its damage often results in releasing these enzymes to the blood (Kaplan et al., 2003) 7 Also, abnormal liver enzyme levels may signal liver damage or alteration in bile flow (Giannini et al., 2005) . Clearly, from the present results it's observed that light colors positively affects the liver status, where ALT and AST significantly decreased for birds when exposed to LED-BL and reared under low density, this indicated that light colors and low density had no harmful effect on the liver function. Interestingly, the appearance of normal amounts of certain enzymes of intercellular origin in the blood reflected no damage to an organ or tissue. The decrease value of both ALT and AST for birds exposed to LED-BL and reared under low density may attributed to a calming effect of LED-BL (Senaratna et al. 2016) , and thus decreased the movement and they spent more time sitting (Prayitno et al., 1997) , which improves the physiological status of liver7 This finding are confirmed by Al-Daraji et al. (2008) indicated that GOT related with stress induced increased serum AST activity, where accompanied this case with the drop in the blood's white cells rate stress. In this context, Mohamed et al. (2017) indicate that broiler reared under blue and green light showed lower physiological changes to stress than those reared in white light, this was evident by low levels of GPT and GOT. Also, Abu Tabeekh (2016) showed a significant effect of blue light on serum GOT enzyme level but no significant of GPT. However, result indicated that stocking density significantly (p≤0.05) affected liver enzymes, where when density increased caused a significant increase of liver enzymes reflected the presence of stress due to high density. Accordingly, activity of liver enzymes was modified in higher density group, which could indicate that increasing density rate could have an adverse effect on health. Therefore, determination of enzymes panel is often reflects the degree of hepatocellular damage and leakage (Jaensch, 2000) Table 6 indicated a significant effects (p≤0.05) of light color and density on the levels of T3, T4, melatonin and corticosterone concentration hormones. Interestingly, thyroid hormones including T3 and T4 are important growth promoters and play a relatively important role in growth inhibition as well as compensatory growth acceleration in broilers (Yahav, 1999) . Data revealed that there was a trend toward decreasing both hormones when exposure birds to LED-BL and reared under low density, this may attributed to lower activity. This results obtained by Rozenboim et al. (2004) found the existence of significant differences in the concentration of T4 hormone in the serum of broiler reared in the treatment of switching from blue to green light at 10 day, reaching 7.4 ng / ml compared to those reared under blue, white and green light color. In contrast, Abu Tabeekh (2016) showed that there is no significant effect of stocking density on the concentration of T3 hormone in the blood serum of broiler. Also, Davis et al. (2000) revealed that there is no effect of density on the level of T3 and T4 hormones of Hyline W-36 and DeKalb XL chickens. However, when birds exposed to LED-BL and stocked at 10 birds /m 2 prone to less stress as measured by the plasma corticosterone, where corticosteroid concentrations in blood have been used as a measure of environmental stress in birds (Charmandari et al., 2005) . The decrease of corticosterone concentration of birds exposed to LED-BL and reared under low density may attributed to controlling the bird activity and reducing the fearful behavior, being detrimental to the welfare (Senaratna et al., 2016) . The results of our findings are in accordance with the study of Senaratna et al. (2016) and Prayitno et al. (1997) they recorded that blue or green light is preferable to red or white light for broiler because it keeps the birds calmer and is chosen by the birds themselves leading to absence of stress. On the other hand, higher corticosterone levels in birds stocked at 12 or 14 birds /m 2 could reflect higher stress conditions. Therefore Onbasilar and Aksoy (2005) reported that increasing cage density, from one to five hens per cage, resulted in a significant increase of the plasma corticosterone. Similar results were obtained by Turkyilmaz et al. (2008) indicated that corticosterone concentration increased from 3.81 to 4.39 ng/ml with increased stocking density of broiler chickens. Regarding with the result of melatonin, this is considered a neuron hormone plays an important role in the health and physiological systems of birds (Pang et al., 1996) . Exposure birds to LED-BL and stocked at 10 birds/m 2 are likely induce the secretion of pineal melatonin, which plays an important role in growth performance and the immune functions (Apeldoorn et al., 1999) . The finding are disagree with results obtained by Jin et al. (2011) indicated that the concentration of plasma melatonin under green light was the highest, followed by white light, and was the lowest in red light and blue light for broilers.
3-Lymphoid organ weights and immune response
It is important to maintain immune function in broilers because poor immune status can decrease disease resistance leading to reduced productivity. It has been well documented that light has effective impact on immune response (Blatchford et al., 2009 ), but the effect of light color on the immune response is poorly understood. However, lymphoid organs weight are also indicative of the birds' immune status (Pope, 1991) . Therefore, there is a close relationship between the environmental factors such as light color and density on lymphoid organs and immune response. In addition, spleen and bursa of Fabricius are used for anatomical and physiological stress indicators for birds (Freire et al., 2003; Puvadolpirod and Thaxton, 2000) ), where decreased bursa weight are associated with increased levels of physiological stress. In the present study there is increased in lymphoid organ weights and immune response due to exposure birds to LED-BL and when stocked under low density compared with other groups, indicating strong interaction of light color and stocking density on growth of lymphoid organs and improved immunity against ND disease by increasing Con A-induced peripheral blood T-lymphocyte proliferation. This effect may attributed to blue light would alleviate the negative effects induced by the stress response, subsequently leading to a well-balanced immune response status. Indeed, birds exposed to LED-BL and stocked at 10 birds/m 2 developed more humoral immunity against ND disease virus as compared with the other groups indicating LED-BL color promoted myofibril growth and humoral immune response in the broiler (Sadrzadeh et al., 2011) . This finding are agreed with Xie et al. (2008) referred that green and blue light enhance the immune response better than red light. They added that the spleen weight for birds exposed to red light were significantly decreased compared with those of the blue light in older broiler, because the weight of the secondary lymphoid organs decreased during the stress response. In addition, Mohamed et al. (2017) found that broiler reared under blue and green light had higher liver, spleen relative weight compared with white light. Also, Hassan et al. (2014) indicated that broiler chicks exposed to green and blue colors enhance immunity. However, Zhang et al. (2014) found that green and blue light reportedly enhance broiler immune function. However, Heckert et al. (2002) reported the density treatments 10, 15, and 20 birds/m 2 did not significantly affect the spleen and bursa weights. Similarly, no significant density effects were found on either the absolute bursa weight of birds reared at densities of 8, 19, 29, 40, 45, 51, 61, and 72 
CONCLUSION
Based on the results of the present study it may be inferred that blue color is an alternative to incandescent light bulbs or other light colors and is beneficial for poultry producers, where it improves productive and physiological response of broiler chicken. However, birds reared under low stocking density, 10 birds /m 2 , positively affects productive and physiological performance. 
